A series of mono-and multimeric polyamine-containing ferrocenyl complexes containing a quinoline motif were prepared. The complexes were characterised by standard techniques. The molecular structure of the monomeric salicylaldimine derivative was elucidated using single crystal X-ray diffraction and was consistent with the proposed structure. The antiplasmodial activity of the compounds were evaluated in vitro against both the NF54 (chloroquine-sensitive) and K1 (chloroquine-resistant) strains of Plasmodium falciparum. The polyamine derivatives exhibit good resistance index values suggesting that these systems are beneficial in overcoming the resistance experienced by chloroquine. Mechanistic studies suggest that haemozoin formation may be the target of these quinoline complexes in the parasite. Some of the complexes exhibit moderate to high cytotoxicity against WHCO1 oesophageal cancer cells in vitro. The monomeric ferrocenyl-amine complexes exhibit potent activity against this particular cell line. The complexes were also screened against the G3 strain of Trichomonas vaginalis and the salicylaldimine complexes demonstrated promising activity at the tested concentration. All of these compounds show no inhibitory effect on several common normal flora bacteria, indicative of their selectivity for eukaryotic pathogens and cancer.
Introduction
Malaria is a parasitic disease that exists in both tropical and subtropical regions of various continents including Africa and Asia. The World Health Organisation (WHO) reported 198 million cases of malaria globally in 2013, of which 584 000 deaths were documented.
1 Antimalarial treatments are available to combat the disease, but drug resistance is an ongoing problem as Plasmodium falciparum rapidly develops resistance. Since 2000, artemisinin therapy has been the main treatment of the disease. Unfortunately, some reports of artemisinin resistance has surfaced in recent years. 2 To overcome this, suitable alternatives are imperative. Recently, attention has been turned to the use of metal-based compounds as potential antimalarials. [3] [4] [5] Ferrocene, in particular, has been of interest due to its versatile nature. A promising lead, ferroquine (FQ) ( Fig. 1) , has exhibited the ability to overcome resistance experienced by its parent non-metal containing congener, chloro- accumulates in the parasitic food vacuole to a greater extent than chloroquine which further increases its effectiveness. The lipophilicity, basicity and folded conformation of ferroquine allows for better transport through membranes and allows for better accumulation inside of the digestive vacuole of the parasite. 7 In many cases, quinoline-containing ferrocenyl complexes have exhibited promising activity which is usually attributed to the presence of the quinoline moiety. Some non-quinoline based ferrocenes have also exhibited promising activities, including those that possess a thiosemicarbazone moiety. 8, 9 This particular moiety has been known to impart a range of biological properties. Multinuclear ferrocenyl complexes based on a polyamine scaffold have also been evaluated and display promising activity but do not compare in activity to many quinoline-based complexes. More recently, it has been shown that rhodium-based quinolines conjugated to a polyamine scaffold ( Fig. 1 ) display comparable behaviour in both CQ-sensitive (CQS) and CQ-resistant (CQR) strains of P. falciparum. 10 This showed that incorporation of the polyamine back-bone as well as increased metal nuclearity aids in overcoming the cross-resistance experienced by mononuclear analogues as well as CQ. The chloride-substituted complexes of these compounds have also shown activity against Trichomonas vaginalis -the protozoan causative agent of the sexually transmitted trichomoniasis prevalent in industrialised countries. 10, 11 The WHO has estimated that 160 million cases of this infection occurs annually worldwide. 12 This pathogen is usually treated with drugs such as metronidazole and tinidazole, however, drug resistance is currently on the rise. Based on the promising activity of some polyamine-derived quinolines as well as the success of ferroquine, this study aimed to prepare mono-and multimeric ferrocenyl-based quinolines based on polyamine scaffolds as potential antiparasitic agents. Ferrocene was incorporated to improve the antiparasitic activity; the polyamines were incorporated in order to maintain activity in resistant strains compared to sensitive strains. The quinoline moiety was incorporated to maintain antiplasmodial activity and to act as an inhibitor of haemozoin formation. Screening the entire library on normal flora and select pathogenic bacteria shows the specificity of these compounds for eukaryotic cells, including protozoan parasites and cancer.
Results and discussion

Synthesis and characterisation
The Schiff base ferrocenyl complexes were prepared by the reaction of the respective mono-functionalised quinoline amines (1-3) with either 5-((E)-2-ferrocenylvinyl)-2-hydroxybenzaldehyde (4), 4-((E)-2-ferrocenylvinyl)benzaldehyde (5) or ferrocenecarboxaldehyde. N-(7-chloroquinolin-4-yl)-propane-1,3-diamine (1) 13 and N-(7-chloroquinolin-4-yl)-tris(2-aminoethyl)amine (2) 14 were prepared according to literature methods. Mono-functionalisation of DAB-Am-4 was achieved by a nucleophilic substitution reaction of 4,7-dichloroquinoline and excess generation 1 dendrimer giving rise to N-(7-chloroquinolin-4-yl)-tetrakis(3-aminopropyl)-1,4-butanediamine (3) (Scheme 1). Compound 3 exhibits good solubility in solvents such as MeOH, EtOH and DMSO. Mono-functionalisation of the polyamines were employed in order to conjugate ferrocene as part of these systems as well. The ferrocenyl moieties were incorporated as part of these scaffolds via ferrocenyl aldehydes 4 and 5. These were prepared by means of a Heck cross-coupling reaction of vinylferrocene and either 5-iodosaliylaldehyde or 4-iodobenzaldehyde (Scheme 1). Aldehyde 5 was prepared following a known literature methodology and its integrity was confirmed by 1 H NMR spectroscopy (ESI †). 15, 16 In the 1 H NMR spectrum of 3, the integration is consistent with the mono-functionalised product, with distinctive signals observed for both the quinoline and the polyamine moieties.
An absorption band at 1609 cm −1 was observed in the infrared spectrum of 3, which is attributed to the CvN bond, confirming the presence of the quinoline moiety. The ESI mass spectrum also confirmed the integrity of 3 due to the appearance of a peak at m/z 520.3339 corresponding to [M + CH 3 CN + H] + .
The 1 H NMR spectra of 4 and 5 exhibited two doublets for the protons of the alkenyl groups, respectively. Coupling constants of approximately 16 Hz were observed which is consistent with similar coupled products with trans geometry. 15, 16 Signals for the protons of the aldehyde moieties were observed at 9.92 and 9.97 ppm for 4 and 5, respectively. Upon successful synthesis of the desired precursors, Schiff base condensation of the aldehydes and the various amines were carried out (Scheme 2). Imine complexes 6-11 were isolated as red or orange amorphous solids in various yields (21-85%). Due to some difficulties experienced in the purification of the DAB-derived imine compounds, the preparation of the amines (12) (13) (14) was carried out via one-pot reductive amination reactions (Scheme 3). Compounds 12-14 were afforded by addition of NaBH 4 to the intermediate imines, to afford the desired complexes as brown or orange solids in various yields (41-79%). Reduced versions of 6 and 8 were also synthesised (Scheme 3) in order to establish the effect of the incorporation of an amine (15 and 16) while bands for the CvC moiety of 6, 7, 9 and 10 were observed in the region between 1580 and 1600 cm −1 in the infrared spectra. The CvN stretching vibrations for 12-14 were observed between 1607 and 1611 cm −1 . The complexes were further characterised by high resolution ESI mass spectrometry and the data was consistent with the proposed structures.
Crystallographic data
The molecular structure of compound 6 ( Fig. 2 ) was elucidated and selected bond lengths and angles are summarised in Table 2 . Crystals were grown by diffusion of petroleum ether into a solution of compound 6 in dichloromethane. The compound crystallised in the monoclinic P2 1 /c space group. Two molecules (6A and 6B) were obtained and both of these structures are represented in the ESI. † All non-hydrogen atoms were refined anisotropically. In 6B (Fig. S1 †) , atoms N2B, C10B, C11B and C12B were disordered over two positions. The site occupancies were refined to 0.616 for N2B, C10B, C11B and C12B, and 0.384 for N2C, C10C, C11C and C12C. These disordered atoms were refined with restrained anisotropic displacement parameters and their attached hydrogen atoms were excluded from the final model. The hydrogen atoms H1AO, H1BO and H2AN were positioned in different electron density maps and refined with restrained O-H or N-H bond lengths of 0.970 (5) Å. The remaining hydrogen atoms were placed in idealised positions and refined in riding models with U iso assigned 1.2 times U eq of their parent atoms and the C-H bond distances were constrained to 0.95 or 0.99 Å. Fig. 2 displays the molecular structure of 6A, the geometry of the alkene moiety is thus confirmed. The alkenyl moiety adopts an E configuration which was corroborated by the coupling constants observed in the 1 H NMR spectrum. In addition to this, the imine CvN bond also adopts an E geometry, which is the most sterically favourable configuration. The Cp rings of the ferrocenyl entity adopt a near eclipsed conformation. The quinoline is connected to the salicylaldimine moiety via the propyl chain that displays a staggered arrangement. The quinoline ring appears to be oriented parallel to the plane of the salicylaldimine ring.
In vitro antiparasitic activity against Plasmodium falciparum
The antiplasmodial activity of compounds 1-16 were evaluated in vitro against two strains of P. falciparum, i.e. the NF54 (CQS) and K1 (CQR) strain in order to identify any effects of the polyamine scaffold, multinuclearity, amine functionalities and imine functionalities on antiplasmodial activity. CQ and FQ were used as reference drugs for comparison. The data obtained from this study are given in Table 3 . Generally, the monomeric ferrocenyl complexes (6-8) exhibit enhanced activities compared to the dimeric (9-11) and trimeric ferrocenyl (12) (13) (14) derivatives against both strains of the parasite. The quinoline precursors (1-3) generally display good activity in the sensitive strain with IC 50 values Table 1 Selected bond distances (Å) and angles (°) for complex 6A
Entity
Bond distance (Å)/angle (°) ranging between 0.0034 and 1.318 µM, with 1 showing activity comparable to CQ. The compounds exhibit a similar activity profile to CQ, with the compounds losing activity in the K1 strain compared to the NF54 strain. Incorporating ferrocene as part of these systems appears to improve the activity in the CQR strain. The resistance indices (RI) were calculated for the compounds, where applicable, and it was observed that the monomers display larger RI values compared to the dimeric and trimeric derivatives with the trimeric ferrocenes (12) (13) (14) exhibiting RI values close to 1. Complex 11 also exhibits a RI value of 0.9. This suggests that incorporation of the polyamine backbone (specifically the DAB scaffold) is beneficial for maintaining or enhancing activity in the resistant strain. Overall it appears that the ferrocenyl derivatives (8, 11, and 14), which do not possess the salicyl-and benzyl-moieties, exhibit the best activity profiles across the two strains. For example, complex 8 exhibits a lower RI value compared to monomers 6 and 7. Complexes 11 and 14 gave resistance index values of 0.907 and 0.998, respectively and also demonstrated IC 50 values lower than 1 µM. These results are promising despite the compounds being slightly less active than CQ.
When comparing the activity of imines (6 and 8) to the activity of the corresponding amines (15 and 16, respectively), there appears to be no significant difference in activity in the CQS strain between the corresponding imines and amines. There does however, appear to be a noticeable enhancement in activity in the K1 strain for the amines, thus resulting in lower RI values. This is also further supported by the synthesis of the amino versions of the trimeric derivatives instead of the imino-versions. All three trimeric compounds (12) (13) (14) exhibit good RI values, indicating that the compounds display consistent activity across both strains, possibly a consequence of their increased lipophilicity (Table 4 ) compared to the monomeric and dimeric complexes. Complex 14 is of particular interest because in addition to the favourable RI value observed, the compound also exhibited promising antiplasmodial activity, giving an IC 50 values of 0.65 µM in both strains of the Plasmodium parasite.
β-Haematin inhibition studies
Inhibition of haemozoin formation is a target for many quinoline-based compounds, including CQ. 20, 21 Quinolines inhibit haemozoin crystal growth in the digestive vacuole of the parasite. CQ, for example, is believed to bind to a toxic product of haemoglobin degradation called haematin (ferriprotoporphyrin IX). Quinoline-binding prevents conversion into haemozoin, which is less toxic to the parasite than haematin. Parasite damage occurs when there is a build-up of ferriprotoporphyrin IX, which ultimately leads to parasite death.
20,21
β-Haematin is a synthetic form of haemozoin and inhibition of its synthesis can be studied using a NP-40 detergentmediated assay. 22 Haemozoin formation is not a spontaneous process and literature has shown that haem crystallisation occurs in the presence of neutral lipids inside of the digestive vacuole of the parasite. 23, 24 The concentration of unreacted haematin is quantified using a colorimetric pyridine ferrochrome method developed by Ncokazi and Egan. 25 The neutral detergent, NP-40, was used to mimic lipids and mediates β-haematin formation in the assay. Compounds 3-16 were evaluated for their ability to inhibit β-haematin formation and the data is presented in Table 4 . The degree of lipophilicity of these compounds was also predicted and is also depicted here. The DAB-derived quinoline precursor (3) exhibited moderate β-haematin inhibition with an IC 50 value of 25.36 µM, while the ferrocenyl aldehydes (4 and 5) did not inhibit β-haematin formation at the tested concentration, suggesting that the quinoline motif is essential for inhibition. The monomeric ferrocenyl complexes 6-8 exhibited the weakest β-haematin inhibition of all of the tested compounds. These monomers display similar β-haematin inhibition when compared to CQ. The dimeric ferrocenyl complexes (9) (10) (11) were approximately twice as active as their monomeric counterparts. The IC 50 values for these compounds were observed in the range of 23 to 48 µM. The salicylaldimine derivative exhibited the best inhibition of the three dinuclear compounds. The lower values confirm that these compounds inhibit β-haematin crystallisation to a greater extent. Similarly, the trimeric ferrocenyl complexes (12) (13) (14) exhibit enhanced inhibition when compared to the monomeric and dimeric analogues. Increased lipophilicity may be a reason for this enhanced activity. The monomers (6) (7) (8) and dimers (9-11) are less lipophilic than 12-14. In addition to this, amines 15 and 16 exhibit enhanced β-haematin inhibition compared to their corresponding imine derivatives (6 and 8) . This alludes to some importance of the amine moiety as well as lipophilicity for activity. This is clearly evident when looking at the antiplasmodial activity. Enhanced lipophilicity and the presence of the amine appears to be beneficial for overcoming cross-resistance. Enhanced biological activity of multinuclear systems has been well documented in literature. [8] [9] [10] 26, 27 In vitro antiparasitic activity against T. vaginalis
The synthesised compounds (1-16) were screened against the metronidazole-sensitive G3 strain of T. vaginalis at either 50 or 100 µM concentrations. The data obtained for this study are presented in Fig. 3 and Table 5 . The tested compounds exhibited various activity profiles against this particular parasite. The un-functionalised quinolines (1-3) and aldehydes (4-5) exhibited weak activity against the parasite. In most cases (with the exception of 12), compounds that possess the salicylaldimine or salicylaldamine moieties exhibit enhanced activity compared to the other derivatives. The amines (13-16) generally exhibit good activity. Amines 15 and 16 exhibit greater inhibition than their imine counterparts 6 and 8, respectively. Selected compounds were then further screened to obtain IC 50 values. The most active compound was found to be complex 14, giving an IC 50 value of 18 .84 µM. The tested samples do not exhibit comparable IC 50 values (Table 5 ) to metronidazole but the data does show that incorporation of ferrocene as part of these systems can lead to enhanced activity. This is consistent with data observed in a previous study. 9 The presence of amino groups appear to be beneficial for activity and also incorporation of the salicylaldimine or salicylaldamine moiety seems advantageous for increased activity against T. vaginalis.
In vitro cancer cytotoxicity
Selected compounds and CQ were also screened against WHCO1 oesophageal cancer cells, as a model system to determine the cytotoxicity of these compounds and to relate this to their antiplasmodial activity. Compounds 3, 5, 12 and 14 were not screened against this cell line due to limited solubility of the compounds in DMSO. The results obtained from this study is given in Table 6 . All of the tested compounds, with the exception of 15 and 16, show moderate to good cytotoxicity against the WHCO1 oesophageal cancer cell line. Generally, the dimeric ferrocenylimine complexes (9-11) exhibit lower cytotoxicity compared to the monomeric ferrocenyl-imine derivatives (6) (7) (8) . The monomeric ferrocenyl-amines (15 and 16) display remarkably enhanced cytotoxicity than their imine counterparts (6 and 8, respectively) as well as any of the other tested compounds as can be seen by the low selectivity indices shown in Table 6 . The incorporation of the amine moieties appear to greatly increase toxicity. The trimeric complex 13, exhibited moderate cytotoxicity, similar to CQ but lower SI values due to lower antiplasmodial activity. Chloroquine and other quinoline-based compounds have been screened as potential anticancer agents against breast tissue in the past and thus the data obtained is consistent with previous observations. 29 Most of the compounds exhibit higher cytotoxicity than cisplatin. This is consistent with data obtained for various quinoline-containing compounds. 17 The antiplasmodial activity of the monomers may be consequential of their toxicity and their ability to inhibit haemozoin formation, hence contributing to their enhanced activity compared to the polymeric structures in the malaria parasite. The dimeric complex 11 shows some promise as an antimicrobial agent as it exhibits some selectivity towards malarial parasites as can be seen by its SI values (>10) when examining both sensitive and resistant strains. This further supports the research of using polymeric systems as potential antiplasmodial agents, as these compounds may be less toxic towards mammalian cells and therefore more selective towards malarial parasites. More extensive studies are still required in order to establish a toxicity profile against various other human cell lines.
Normal flora bacterial cytotoxicity
To determine possible effects of these compounds on common normal flora bacteria, the entire library was screened on Escherichia coli K-12 MG1655, Lactobacillus acidophilus (ATCC 4356), Lactobacillus rhamnosus (ATCC 53103), and Lactobacillus reuteri (ATCC 23272) using the standard disc diffusion method. 30, 31 At the highest concentration tested (100 μM) no inhibitory activity was observed on any of these bacterial species. Similar tests on the pathogenic bacteria Listeria monocytogenes and Salmonella enterica show no inhibitory activity, indicating the selectivity of these compounds for eukaryotic pathogens and cancer.
Conclusions
A series of monomeric (6) (7) (8) (15) (16) , dimeric (9-11) and trimeric (12-14) ferrocenyl quinoline complexes were prepared. All the compounds were characterised by a range of analytical and spectroscopic techniques. The compounds were evaluated for antiplasmodial activity against CQS and CQR P. falciparum strains. The trimeric complexes 12-14 displayed consistent activity across both strains, suggesting that the incorporation of the polyamine may be beneficial in overcoming cross-resistance. All of the quinoline-based derivatives were found to inhibit synthetic haemozoin formation and therefore may be the biological target of the complexes. The data suggests that enhancing the lipophilicity of the compounds as well as incorporating amino groups, positively affects the activity of the compounds in CQR strains. The complexes also exhibit moderate activity against the WHCO1 oesophageal cancer cell line with the monomeric amino complexes (15 and 16) exhibiting the highest toxicity. Data obtained for the G3 strain of T. vaginalis showed that the salicylaldimine derived complexes (6 and 9) exhibit promising activity when screened at 50 µM drug concentration. The ferrocenyl-based quinolines, especially the multimeric derivatives, may be a feasible system to be researched as potential antiparasitic agents. Furthermore, the lack of cytotoxicity against normal flora bacteria suggests these compounds are selective against eukaryotic pathogens and cancer.
Experimental
General details
Synthetic procedures were performed under an argon atmosphere at ambient temperatures unless otherwise stated. All reagents were purchased from Sigma Aldrich and used as received. Solvents were dried over Fluka Molecular Sieves with indicator. Nuclear magnetic resonance (NMR) spectra were recorded on a Varian Unity XR400 spectrometer (  1 H: 399.95 MHz, 13 
Synthesis of compounds
N-(7-Chloroquinolin-4-yl)-tetrakis(3-aminopropyl)-1,4-butanediamine (3). 4,7-Dichloroquinoline (0.250 g, 1.26 mmol) and the G1 DAB dendrimer (5 ml) were stirred together at 90°C for 18 hours. Upon cooling, 1 M NaOH (10 ml) was added. The aqueous extracts were washed with dichloromethane (3 × 50 ml). This was then washed with water (1 × 10 ml). The organic phase was collected and dried over Na 2 SO 4 . The drying agent was removed by filtration and the solvent removed in vacuo to give rise to the product (3) as a yellow oil (90.3 mg, 15%).
1 H NMR (300.08 MHz, DMSO-d 6 ):
0.0726 mmol) and Et 3 N (0.5 ml) were reacted in acetonitrile (10 ml) at 90°C for 24 hours. The solvent was then removed in vacuo. The residue was dissolved in DCM and the organic fraction washed with water (2 × 10 ml). The organic layer was collected and dried over MgSO 4 . The crude material was purified using column chromatography using EtOAc and petroleum ether as the eluent (1 : 50). The product (4) Mono-benzaldimine ferrocenyl quinoline (7) . N-(7-Chloroquinolin-4-yl)-propane-1,3-diamine (1) (79.2 mg, 0.336 mmol) and the aldehyde (5) (0.108 g, 0.343 mmol) were stirred in a DCM-MeOH (1 : 1, v/v) mixture (30 ml). The resulting solution was stirred at room temperature for 24 hours. The solvent was then reduced and the product precipitated with petroleum ether. The product was filtered and dried in vacuo. Further purification was achieved by stirring the suspended solid in petroleum ether to remove any unreacted aldehyde. The product (7) was isolated as an orange powder (96.6 mg, 54%). 1 Bis-salicylaldimine ferrocenyl quinoline (9) . N-(7-Chloroquinolin-4-yl) tris(2-aminoethyl)amine (2) (35.4 mg, 0.115 mmol) and the aldehyde (4) (79.2 mg, 0.230 mmol) were stirred in a DCM-MeOH (1 : 1, v/v) mixture (30 ml). The resulting solution was stirred at room temperature for 24 hours. After the 24 hour period, the solvent was reduced and the product precipitated with petroleum ether. The product was filtered and dried in vacuo. Further purification was achieved by stirring the suspended solid in petroleum ether to remove any unreacted aldehyde. The product (9) was isolated as an orange powder (32.1 mg, 30% Bis-benzaldimine ferrocenyl quinoline (10) . N-(7-Chloroquinolin-4-yl) tris(2-aminoethyl)amine (2) (93.9 mg, 0.305 mmol) and the aldehyde (5) (192 mg, 0.607 mmol) were stirred in a DCM-MeOH (1 : 1, v/v) mixture (30 ml). The resulting solution was stirred at room temperature for 24 hours. The solvent was then reduced and the product precipitated with petroleum ether. The product was filtered and dried in vacuo. Further purification was achieved by stirring the suspended solid in n-pentane to remove any unreacted aldehyde. The product (10) was isolated as a red powder (58.1 mg, 21% 
General procedure for the preparation of tris-ferrocenyl quinolines
To a solution of compound 3 (1 eq.) in MeOH (10 ml), a solution of the aldehyde (3 eq.) in DCM (10 ml) was added. The solution was stirred in the presence of molecular sieves for 16 hours at room temperature. The molecular sieves were then removed by filtration and the filtrate collected. The solvent was removed in vacuo. n-Pentane was added and the residue was stirred and the solvent decanted. This was repeated several times until the supernatant remained clear. The remaining solid was then dissolved in DCM (20 ml), NaBH 4 was suspended and MeOH (5 ml) was then added. The reaction mixture was then allowed to stir for 6 hours at room temperature. After this time, water was added and the mixture placed in a separating funnel. The organic layer was then washed with water (2 × 10 ml), the organic layer was collected and dried over MgSO 4 . The drying agent was then removed by filtration, the filtrate collected and the solvent reduced in vacuo. The products were precipitated with petroleum ether.
Tris-salicylaldimine ferrocenyl quinoline (12) . To a solution of compound 3 (47.7 mg, 0.0997 mmol) in MeOH, a solution of the aldehyde 4 (99.4 mg, 0.299 mmol) in DCM was added. To the intermediate, NaBH 4 (15.6 mg, 0.412 mmol) was added to afford the desired amine. The product was afforded as a dark brown solid (12) (0.112 g, 79%).
1 H NMR (300.08 MHz, 340PC plate reader. The IC 50 values were obtained using a non-linear dose-response curve fitting analysis via Graph Pad Prism v.5.0 software.
Disc diffusion antibiotic sensitivity assays for normal flora and pathogenic bacteria
Single colonies of common normal flora bacteria Escherichia coli K-12 MG1655, Lactobacillus acidophilus (ATCC 43560), Lactobacillus rhamnosus (ATCC 53103), and Lactobacillus reuteri (ATCC 23272) were inoculated into appropriate medium [Luria Broth (LB), Brain Heart Infusion Broth (BHI), or Lactobacilli MRS broth] and grown at 37°overnight with Lactobacilli strains grown under anaerobic conditions. Sterile wooden cotton swabs were dipped into the overnight cultures and streaked onto respective media agar plates to form a continuous lawn of bacterial growth. Stock solutions of the compound library at 100 mM in DMSO were diluted into media to a final concentration of 100 μM. A vehicle control of DMSO was diluted in the same way. Blank BDL-sensi-discs (6 mm) were incubated with the 100 μM compounds or vehicle control at room temperature for 20 min. BDL-antibiotic laden discs containing levofloxacin (5 μg), gentamicin (10 μg), and gentamicin (120 μg) were used as controls for antibiotic sensitivity. Discs were subsequently placed onto the bacterial streaked agar plates and incubated overnight at 37°. Zones of inhibition representing antibiotic and/or compound sensitivity were measured in mm for each of the antibiotics, compounds, and vehicle controls. The same assay using pathogenic bacteria Listeria monocytogenes 10403 (RM2194) and Salmonella enterica pGFP was carried out as described above.
30,31
X-ray structure determination
Single-crystal X-ray diffraction data were collected on a Bruker KAPPA APEX II DUO diffractometer using graphite-monochromated Mo-Kα radiation (χ = 0.71073 Å). The data collection was carried out at 173(2) K. The temperature was controlled by an Oxford Cryostream cooling system (Oxford Cryostat). Cell refinement and data reduction were performed using the program SAINT. 35 The data were scaled and absorption correction performed using SADABS.32 The structure was solved by direct methods using SHELXS-97 36 and refined by full-matrix least-squares methods based on F 2 using SHELXL-2014 36 and using the graphics interface program X-Seed. 37 The programs X-Seed, POV-Ray 38 and Ortep 39 were used to prepare molecular graphic images.
